Production of dabai (Canarium odontophyllum) pulp oil by supercritical carbon dioxide extraction is still relatively new and should be investigated. The objective of this study was to investigate the effects of supercritical carbon dioxide (SC-CO 2 ) extracted dabai pulp oil (DPO) on rats induced with hypercholesterolemia. Male-specific pathogen free (SPF) Sprague-Dawley rats were fed with diets with high cholesterol contents for 4 weeks to induce hypercholesterolemia. Afterwards, the hypercholesterolemia rats were divided into groups namely: positive control group (PG), low dose group (LG), high dose group (HG), and statin group (SG). 0.5% and 2% of SC-CO 2 DPO were administered to the LG and HG groups respectively for another 4 weeks. Changes in body weight and biochemistry profiles were measured. When compared with the normal rats that were fed with a normal basal diet, the hypercholesterolemia rats had elevated body weights and major increments in total cholesterol and LDL levels(NG) (p<0.05). Paired-samples t-tests showed that the LG group exhibited a notable reduction in total cholesterol, triglyceride and LDL levels (p<0.05) and an8.26% increment in HDL level. Meanwhile, diminishing levels of total cholesterol, triglyceride and LDL levels were found in the HG group. Notable differences in AST and ALT levels were not detected in LG and HG groups when compared with the NG group. These results indicated that SC-CO 2 dabai pulp oil contains vital elements which contribute to cholesterol-loweringeffects and which can be used as special oils for health promotion and disease prevention.
Cardiovascular diseases (CVD) are common metabolic diseases which affect the life of the world population. The cost of treatment, prescriptions and medical services for these illnesses keeps increasing. Regardless of the forceful endeavors of different research groups and the government division, the prevalence of CVD keeps expanding year after year [1, 2] . The world sees Malaysia as a multi-ethnic nation with a growing population going through a period of rapid urbanization and immense changes in lifestyles [3] . In Malaysia, the percentage of deaths caused by CVD has risen rapidly from 15.7% in 1996 to 25.4% in 2006 and is expected to keep rising in the decades to come [4] . Moreover, the National Health and Morbidity Survey carried out in 2015 revealed an alarming prevalence of hypercholesterolemia in Malaysia. The overall prevalence of hypercholesterolemia (known and undiagnosed) among adults of 18 years and above in the survey was 47.7%. Additionally, there was an increasing trend in the prevalence of hypercholesterolemia with age, from 22.0% in the 18-19 years age group, reaching a peak of 68.8% among the 55-59 years age group [5] .
Canarium odontophyllum MI.(family Burseraceae), known locally as "dabai" (Figure 1 ), is an indigenous seasonal fruit which can only be found in Borneo Island, specifically in the Sib and Kaput regions of Sarawak, Malaysia [6] . Interestingly, the dabai fruit is usually referred to as 'Sarawak olive' because of its similarities to olives in physical appearance, texture, and flavor. In local communities in Sarawak, this fruit is consumed with sugar or soy sauce after being soaked in warm water for 15 minutes. To this day, these fruits are only harvested and sold in the local communities [7] . Although dabai is commonly consumed in Sarawak, this fruit remains unfamiliar to people outside the area because it is not being promoted, and, therefore, its full economic potential has not been realized. Previously, dabai oil was shown to contain 43.4% -44.3% saturated fatty acid (SFA), 42.5 % -42.8% of monounsaturated fatty acids (MUFA) and 12.8% -14.0% polyunsaturated fatty acids (PUFA) [7, 8] .
The use of supercritical fluid (SF) to extract oils is seen as a newmethod for oil processing. The old methods, like hexane extraction, lead to loss of valuable constituent botanical properties and the presence of hexane residue in the oil could be toxic. Dabai oil extracted using SF can retain some valuable compounds, such as antioxidants, unlike the oil extracted using other conventional extraction methods. Previously, the utilization of supercritical fluid extraction (SFE) has been reported to increase the quantities of phenolics and volatile components extracted from plants [9] . Moreover, CO 2 is non-toxic when compared with hexane or other organic solvents used for oil extraction. SFE can also be used to fractionate oil with various characteristics which could be exploited for different products of interest to the food industries [10] .Production of dabai pulp oil using SFE is still relatively new in Malaysia and there is a scientific need to examine the efficacy of supercritical carbon dioxide (SC-CO 2 ) extracted dabai pulp oil in promoting its potential as a new alternative fat that may serve for health promotion and disease prevention. Total cholesterol (TC), HDL-C, LDL-C, and TAG are the common markers of risk for diagnosing CVD. Hypercholesterolemia is controlled by the liver, where the hepatocytes take up 50% of LDL-C from the circulation. Thus, increasing the activity of the LDL receptor in hepatocytes could efficiently decrease the LDL-C level. Simvastatin is a hypolipidemic drug which works by targeting hepatocytes and inhibiting HMG-CoA reductase. HMG-CoA reductase is an enzyme that is involved in the transmission of HMG-CoA into mevalonic acid, a cholesterol precursor. Currently, the most efficient drugs for reducing cholesterol levels are statins [11] . Clearly, administering simvastatin caused the highest inhibition of HMG-CoA reductase (Table 3) . Additionally, the rats treated with 10 mg/kg simvastatin displayed a major reduction (p< 0.05) in TC and LDL levels in comparison with those in the PG group (Table 2) . A significant reduction in TG was also observed in the SG group, all of which is in accordance with previous studies [8, 12] . The SG group was used to measure the efficiency of SC-CO 2 dabai pulp oil in reducing serum cholesterol levels. In this context, two different doses of the SC-CO 2 dabai pulp oil were prepared and fed to two groups (the LG group), which were fed with 0.5% dabai pulp oil and the HG group, fed with 2% of the oil to determine the potential of the SC-CO 2 extracted oil to have positive effects against the risk markers of CVD.
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Consuming a meal with an excessive quantity of lipids may lead to excessive triacylglycerol (TAG) levels. Furthermore, fat removal becomes ineffective and subsequently, it may be associated with CVD [13] . Even though there were significant differences in food intake among the rats in the NG group and those in the PG, LG, HG, and SG groups, (p< 0.05) throughout the experiment, this variation did not affect the body weight of rats in any of the groups (p > 0.05) ( Table 1) . Nevertheless, the body weight of rats in all groups rose constantly during the experiment. After 4 weeks of inducing hypercholesterolemia, the rats fed with a diet containing high cholesterol levels displayed a major increment (p< 0.05) of TC and LDL in comparison with those in the NG group (Table 2) . Additionally, there was also an incremental trend in TG among rats fed with a cholesterol diet compared with those in the NG group. Based on the lipid indices obtained at week 4, feeding a high cholesterol diet to the rats at 10 g/kg of cholesterol over a period of four weeks resulted in a hypercholesterolemic condition in the rats. Feeding the LG group with SC-CO 2 dabai pulp (0.5%) led to a notably lower (p< 0.05) TC level in comparison with those in the PG group, as well as the TC level prior to treatment. Additionally, the TG and LDL levels of the LG group were notably lower (p< 0.05) when compared with their respective TG and LDL levels prior to treatment. There was also a significant rise in the HDL level detected in the LG group compared with that before treatment. Meanwhile, feeding some of the rats with 2% dabai pulp oil brought about significantly lower (p< 0.05) TC and TG levels in comparison with those in the PG group. A minor reduction in LDL levels was also observed compared with those before treatment. Although, the treatment with 2% SC-CO 2 dabai pulp oil did not cause a rise in the HDL level, it was noticed that this treatment reduced the serum HDL by just 14.3 % in the HG group compared with 23.9 % in the SG group. Administration of 10 mg/kg simvastatin in the SG group led to a major decrease in HDL levels (p< 0.05) compared with their respective HDL levels prior to treatment. High blood concentration is one of the key risk factors of atherosclerosis, which is a major contributor to the pathogenesis of heart and vascular disease [14] . Interestingly, inhibition of HMG-CoA reductase increased following the increase in the dose of SC-CO 2 dabai pulp oil. Overall, feeding hypercholesterolemic rats with SC-CO 2 dabai pulp oil (LG, HG) over a period of four weeks caused reducing trends of TC, TG, and LDL levels.
Consuming different types of fatty acids in a diet had varying impacts on plasma lipid and lipoprotein concentration. Consumption of a diet with high SFA levels is believed to increase the risks of CVD by increasing plasma TC and LDL-C. On the contrary, consuming diets rich in MUFA and PUFA can aid in the reduction of plasma TC and LDL-C [15] . Monounsaturated fatty acids (MUFAs) have received a great deal of interest in investigating their effects on lipid metabolism. Oleic acid (OA), a MUFA, is abundantly found in olive oil, canola oil, olives, avocados and oleaginous plants [16] , and makes up between 41.5-41.9 % of dabai pulp oil [7, 8] . The contribution of OA in dabai pulp oil in improving the serum lipid profile of hypercholesterolemic rats cannot be overlooked. The role of MUFA in the prevention of CVD was previously observed through the beneficial effects of the Mediterranean diet in reducing the risks of CVD. This diet contained high levels of olive oil (14%-40% of daily energy intake) and thus was rich in MUFA [17] . Additionally, the preventive attributes of OA against CVD is primarily connected to greater olive oil consumption, and thus, the high MUFA intake in the diet of the Mediterranean region's population. The reduction of CVD risks is related to an increase in HDL-C, decrease in LDL-C, improved endothelial function, and reduced inflammation and oxidative stress [18] .
The variations in the AST (aspartate aminotransferase) activities noticed between the LG and HG groups with those in the NG group were not significant (p > 0.05) ( Table 3 ). Based on these results, SC-CO 2 dabai pulp oil did not appear to have a significant effect (p> 0.05) on the levels of AST, although the LG group had less activity than the HG group. Likewise, ALT (alanine aminotransferase) activities of LG and HG were not significantly different from those in the NG group (p> 0.05). Yet again, SC-CO 2 dabai pulp oil did not appear to have a major impact (p> 0.05) on the ALT levels although the HG group had less activity than the LG group. However, the SG group showed significantly higher (p< 0.05) AST and ALT levels compared with those in the NG group. This means that consuming 1% cholesterol in the diet and administration of 10mg/kg of simvastatin caused cell damage or necrosis. AST and ALT are introduced to the bloodstream following situations that involved either cell damage or necrosis. Additionally, the transaminase levels show the presence of toxicity to the liver or changes in the structure of the membrane of the liver cells. AST is a sensitive but nonspecific indicator of hepatocellular changes as this enzyme can be released from many damaged organs such as liver, heart muscle, kidney, and pancreas. The liver is the richest source of ALT by a wide margin. Although variations occurs in serum levels of both AST and ALT in a condition that affects the liver integrity of LG and HG groups, ALT is a more precise enzyme for registering liver damage [19] . Serum ALT activity was perceived as a reliable and sensitive marker for liver disease and a reliable pointer of the overall health condition [20] . Since the differences in AST and ALT activities between LG and HG with those in NG were not significant, the SC-CO 2 dabai pulp oil could, therefore, be considered as having no toxicological significance.
Experimental
Sample preparation: Homogenized samples of fresh dabai fruits were acquired from Sarikei Sarawak, Malaysia. Fruit sampling was carried out with the aid of the staff of the Agricultural Research Centre (ARC), Sarawak. Fresh ripe dabai fruits (226 kg) were packed in airtight chilled containers and shipped to the Faculty of Medicine and Health Sciences, Universiti Putra Malaysia and stored at 4°Cprior to sample preparation. Upon sample preparation, the dabai fruits were inspected and washed under running tap water. Afterwards, the fruits were soaked in warm water (36 ºC) for 15 min to soften the pulp and the seeds were removed manually. Onlythe whole eatable portion of the fruits (pulp and peel) was gathered. The edible portions of the fruits (137.62 kg) were then sent to Phytes Biotek Sdn Bhd, Malaysia for freeze drying using an industrial scale freeze dryer (VirTis BM 5000 USA). The freezedried samples were then stored at −20°C before further analysis.
Supercritical carbon dioxide (SC-CO2) extraction:
The freeze dried dabai pulp (62.46 kg) was ground to produce powder which was no less than 0.2 mm in diameter. The ground powder was subjected to SC-CO 2 extraction at the Supercritical Fluid Centre (SFC) Universiti Putra Malaysia. The extraction was carried out using a high-pressure extraction vessel with a high-pressure pump. Liquid carbon dioxide from a cylindrical tank was pumped through a heater and into the extraction vessel. An automated control valve works collectively with the heater to modify the pressure at 40 MPa and a temperature of 40°C to change the phase of carbon dioxide from a liquid to a supercritical state. The supercritical carbon dioxide, now at a pressure of 40 MPa and a temperature of 40°C, flows through the high-pressure vessel to separation vessels 1 and 2 by way of the automated control valve and a heater. The automated control valve and the heater modify the pressure and temperature of the carbon dioxide as demanded, precipitating the oil and oleoresin. The first separator is set to the highest pressure in the series and oleoresin precipitates in separator 1. The 2nd separator ramps downwards in pressure and the oil is obtained. Once the pressure is lowered, the carbon dioxide finally turns into gas and exits the second separator vessel before returning to the high-pressure pump.
The processes are then repeated by adhering to the required extraction time. The process flow is thus circular with the supercritical fluid density being increased for extraction and decreased for precipitation. When the SC-CO 2 in the dabai pulp was fully extracted, the circulation of carbon dioxide was halted and the extraction vessel was emptied and recharged. The oleoresin and oil were removed from the first and second separation vessels by means of a manual valve after the extraction was concluded. Corn starch  180  170  170  170  170  Sucrose  500  500  500  500  500  Casein  120  120  120  120  120  Vitamin mixture  10  10  10  10  10  Mineral mixture  35  35  35  35  35  Cellulose  50  50  50  50  50  DL-methionine  3  3  3  3  3  Choline  2  2  2  2  2  Ghee  80  80  80  80  80  Corn oil  20  20  15  -20  Cholesterol  -10  10 Table 4 shows the composition of the normal basal [21] and experimental diets. At first, the regular basal diet was prepared by mixing the accurate amounts of corn starch, sucrose, casein, cellulose, mineral mixture, vitamin mixture, DLmethionine, and choline. Afterwards, the corn oil and ghee were properly mixed into the mixture before being placed on a dish covered with aluminum foil. To obtain a diet which was high in cholesterol, 10g/kg cholesterol was added to the prepared normal diet. Meanwhile, the low dose dabai pulp diet was prepared by replacing 5g/kg of corn oil with dabai pulp oil. Additionally, the high dose dabai pulp diet was prepared by replacing 20g/kg of corn oil with dabai pulp oil. The dough was cut into small pieces and dried in an oven at a temperature ranging from 45-50ºC overnight. The prepared pellets were stored in air-tight containers at room temperature.
